SUMMARY The tensile properties of the colon have been examined using methods which gave repeatable results. They showed little change after storage in salt for up to five weeks. The burst strength remained unchanged along the length of the colon. The tensile strength fell distally, as the thickness of the colonic wall increased. The width at burst decreased distally as did the internal diameter. 
Diverticular disease is prevalent in Western countries, affecting a substantial proportion (over 30%) of those over 60 years of age.' Its prevalence rises with age and is most common in the sigmoid colon.2 It has been suggested that there may be a change in the physical property of the bowel wall in patients with diverticular disease as balloon distension of the distal colon in diverticular disease does not produce the volume/pressure change that occurs in normal subjects. 3 4 Iwasaki5 found that the tensile strength of the Japanese necropsy colon declined with age. Burkitt and colleagues6 have suggested that the mechanical properties of the colon might be different in African and European subjects, as one group, the Africans, are exposed throughout life to a diet containing much more fibre resulting in bulky faeces with a fast intestinal transit and belong to a part of the world where diverticular disease is reputedly rare. We have examined in vitro the mechanical properties of the colon of European and African subjects to determine whether they are uniformly exhibited throughout the length of the colon, whether they change with age, and whether any possible changes predispose to the development of diverticula.
Methods

SPECIMENS
The mechanical properties of portions of the colon, 6-8 cm long, were examined at necropsy in the Edinburgh and Kampala at four sites; 5 cm from the ileocaecal junction, the transverse colon adjacent to the middle colic artery; the descending colon 10 cm below the splenic flexure and the middle of the sigmoid loop. The colon segments were washed and then preserved in salt (coarse sea salt or Analarsalt) in polyethelene bags unless tested within 24 hours when they were kept in physiological saline. The 384 Comparison of the mechanical properties of the colon European colons were taken from sudden deaths at a city mortuary or in the Pathology Department, Western General Hospital, Edinburgh. The age of the 32 subjects ranged from 28 weeks gestation to over 70 years; in all 10 infant colons and 22 adult ones were examined; in five of the latter the colon was affected by diverticular disease. The bodies had been preserved at 4°C before necropsy.
Postmortem colons were also obtained from 17 adult and three infant African subjects in Kampala. All colons were obtained at necropsy and stored in salt for 28 days before testing. The colonic tissue was irradiated before testing to satisfy the health and safety protocols of Ethicon Laboratories, Sighthill Industrial Estate, where the testing procedure was undertaken, 2-5 megarads being delivered over nine hours in a radiocobalt plant. This amount of irradiation has been shown to change insignificantly the tensile properties of tissues.7
PREPARATION OF TISSUE FOR TESTING
The colons which had been stored in salt were rehydrated in physiological saline at 20°C for two to six hours. Two rings of tissue 10 mm wide were cut for testing in duplicate and used to measure reference dimensions.
MEASUREMENT OF REFERENCE DIMENSIONS
Three measurements were required: (1) The width: a constant 10 mm ring was cut out by means of a template. ( 2) The thickness of a piece of bowel wall was measured with a Mercer No 54 gaugemeter between two glass microscope slides. The crosssectional area of the ring was calculated on the basis of thickness and width. (3) The internal diameter of the bowel was estimated the distraction apparent as soon as stress was registered on the Instron tensiometer and is an approximation from the hemi-circumference measured (allowing for a constant error due to 7T).
MECHANICAL TESTING
An Instron 1026 tensiometer was used to test the mechanical properties of the colonic tissue. It maintained a constant strain, cycling to constant strain. The load range was from 0-50 kg and the minimum full scale chart deflection was from 0-50 grams. Stainless steel hooks, 4*76 mm in diameter, were adapted to fit the clamp holding sockets of the tensiometer. Testing was carried out by upward movement of the hook attached to the cross-head away from the fixed lower hook.
The burst properties were tested in air at room temperature as these tests took only a few seconds so that dehydration was not a significant factor affecting the stress/strain characteristics. Viscoelastic properties were tested in physiological saline at 35-37°C. A large plastic basin with a window insert was adapted to fit over the lower clamp socket of the Instron during these tests. The basin was filled with physiological saline from a water bath maintained and circulated at 37°C. The circulation of saline was stopped during the actual test.
MECHANICAL TESTS PERFORMED
One of the two rings of colon was first preconditioned for 10 cycles at 30% strain, and then stress relaxation was measured for three minutes. No recovery period was allowed between preconditioning and testing. In every case the strain rate was 50 mm per minute.
Once the visco-elastic tests had been done the ring of colon was returned to physiological saline at 20°C. Approximately an hour elapsed before recording the stress/strain curve to rupture.
ANALYSIS OF RESULTS
The stress relaxation curve was converted to a straight line by plotting the ratio of stress over initial peak stress against log time (r<0-95). The numeral value for stress relaxation taken for statistical comparison was the slope of this line. From the stress/strain curve to rupture, the burst strength, tensile strength and percentage elongation at burst were calculated.
STATISTICAL METHODS
Because many of the measurements were skewed, non-parametric tests were used for comparisons of groups: Wilcoxon's signed-rank test for salt versus saline storage, site differences and the effect of preconditioning: Wilcoxon's rank sum test was used for comparison of subjects aged 50 or over with and without diverticular disease. Regression analysis against age was carried out on the logarithms of the measurement values, which appeared to be approximately symmetrically distributed and regression lines for the two groups were compared by analysis of covariance. Coefficients of variation were calculated using the preconditioned and nonpreconditioned values as replicates.
The following parameters were measured: Burst strength (BS), tensile strength (TS), thickness (T), internal diameter (ID), width at burst (WB), percentage elongation (E) and stress relaxation (SR). Burst One segment was tested for its visco-elastic properties and therefore preconditioned first, while the other was tested without preconditioning. Table  2 illustrates the reproducibility of the results. All subsequent analyses were carried out on the means of the two replicates.
VARIATION WITH SITE IN EUROPEAN AND AFRICAN COLONS
The properties of the wall of the large intestine taken from European and African subjects were examined for each segment (Table 3 ). The burst strength did not vary significantly throughout the colon. The cross-sectional area was not significantly different from the ascending to transverse to the descending colon but these three segments showed a difference from the sigmoid colon (Table 4 ) (p<0-001), which was thicker than the others. The tensile strength, which is dependent on crosssectional area and varies inversely with it, was less in the sigmoid area than in the other zones. The width at burst showed significant changes between ascending and transverse versus descending and sigmoid (p<0-001 in Table 4 ). Both sigmoid and descending colon had a reduced width at burst than the more proximal zones. The fall in the internal diameter from the proximal zones to the two distal ones was also highly significant (p<0-001 in Table  4 ). The percentage elongation was higher in the sigmoid but in this only differed consistently from the ascending colon. The stress relaxaton was unchanged in all four segments tested.
COMPARISON OF EDINBURGH AND KAMPALA COLONS BY AGE IN ADULTS
For each of the four regions of the colon, regression lines of each measurement (on a log scale) against age for the two racial groups were fitted to the data for subjects aged over 10 years. In no case did the slopes of the two lines differ significantly, and therefore parallel lines were fitted. Table 5 shows the parameter estimates of these lines together with the significance of slope and difference in intercept, while Figs. 1-7 show the data and fitted lines for the Fig. 3) was groups, and the analysis was therefore done on all not significant. The thickness of the colon was less in adult subjects in both groups in spite of the the Kampala group but this was only significant predominance of Edinburgh subjects in the older (p<005) in the sigmoid region (Table 5 ).
age range. The internal diameter of the colon fell with age ( Fig. 3) . In adult life the distal Kampala colon was STRENGTH (Figs 1, 2) wider than in Edinburgh (descending colon p<O0.5) The burst strength fell with age in all regions except (Table 5 and Fig. 4 ). the ascending colon (Fig. 1) , the Kampala colons having a greater burst strength (Table 5) in each site STRETCH (Figs. 5, 6 ) tested, but these differences were not quite The ability of the colon to stretch as measured by significant. The tensile strength fell with age in all the width at burst remained constant with age in the regions of the colon (Fig. 2) . The Kampala group proximal colon without any racial difference. The had stronger colons as shown by a regression of distal colon (Fig. 5) however showed a marked tensile strength against age (Table 5) .
tendency to have a diminished width at burst with age (sigmoid p<OOO1 in Table 5 ) but the Kampala subjects had a significantly greater stretch capacity in the distal colon (descending p<O0O1, sigmoid p<O.OO1), when compared with the Edinburgh patients ( Table 5) . Percentage elongation showed a tendency to rise with age ( Fig. 6 ) particularly in the Edinburgh group, but there was no significant racial difference ( Table 5 ). The tendency to rise with age occurred because the internal diameter fell with age.
VISCOELASTIC PROPERTIES (Fig. 7) These were similar for both racial groups and showed no tendency to change with age ( Table 5 ).
The distal colon in both racial groups had a steeper stress relaxation slope than the proximal colon ( Figure) showed a significant regression with age (p<O.OS), the Kampala colons justfailed to be statistically wider than the Edinburgh. suggesting that it was not primarily the method which gave variable results but the large individual variation.
Despite these difficulties, there was a trend for the Kampala group to be stronger, wider and thinner, thus more mechanically efficient. The possible increased thickness of the Edinburgh samples may be a means of providing for decreased strength, a, greater amount of tissue being needed to compensate for the colonic work load. This difference in strength between Edinburgh and Kampala colons must be because of either genetic or environmental factors.8 Burst strength is a measure of the strongest material in the colonic wall and thus a measure of its collagen content. Cross-sectional area in this instance is a reflection of the thickness since the width was a constant 10 mm. The thickness remained fairly constant with age, showing only a non-significant rise, and it appears that the fall in tensile strength with age is not therefore a measure of increasing thickness, but rather due to a decrease in the integrity of connective tissue. Ultrastructural techniques have demonstrated changes in collagen and other connective tissue fibres with age. 9 There was a significant fall in width at burst of the distal but not proximal colon with age. There was an increase in the width of the colon at burst in both groups over the first few years of life, possibly related to growth. The width at burst remained fairly constant thereafter in the proximal colon in both groups, but the distal colon (both descending and sigmoid) had significantly lower width at burst in the Edinburgh group, though both African and European groups showed a significant fall in width at burst with age. Iwasaki5 also reported a declining expansibility with age because of the reduced internal diameter.
The viscoelastic property of stress relaxation was constant throughout all four regions of the colon. There was a significant rise in stress relaxation with age in the ascending colon and a significant fall in the descending colon. The Some evidence which would support either of these views comes from in vivo studies of balloon distension in the human colon. Parks and Connell4 found that the sigmoid colon with diverticular disease is less able to withstand a stretching force than is the normal bowel. Parks13 later confirmed that the descending colon in those who had had their sigmoid colon resected for diverticular disease also had an impaired stretch capacity. This descending colon was probably 'pre-diverticular' in that it was noted to be free of diverticula at surgical resection of the diseased sigmoid. This was later confirmed by Smith et aP4 who also showed that subsequent treatment with bran did not lead to recovery of the faulty stretch properties of the colon.
Five of our specimens from patients over 50 years had diverticular disease and there were no significant differences between these five and eight colons from patients over 50 without diverticular disease. The similarity between the two groups suggests that the changes that occurred in the distal colon with age renders it more susceptible to diverticular disease rather than mechanical changes occurring as a result of diverticular disease. This supports the findings of Parks,'3 who found that the inability of balloon distension of the distal colon in diverticular disease to produce a normal pressure change in response to increasing volumes was not impaired by surgical resection of the diverticular diseased area. Thus diverticular disease occurs in an area of the colon mechanically predisposed to its development. For the differences between the African and European colons, possibly the most important environmental factor is the diet, which is likely to have less fibre and more fat and sugarl0 in the European group. Rats14 and rabbits"5 fed long term on a low fibre, high fat diet developed colonic diverticula attributable to a weakening of the wall in relation to the pressures generated to propel faeces.
There was no apparent difference in any of the mechanical properties examined in the Edinburgh and Kampala children's colons, which implies an environmental cause for the differences in strength which develop later in life; much larger numbers would be needed, however, to prove conclusively whether environmental factors or genetic ones are responsible for the differences in strength detected in the two racial groups.
